Pectinases are a group of enzymes that catalyze the breakdown of pectin. Pectinase producing Aspergillus niger was obtained from a five-day old Eba (Cassava flakes). Response surface methodology was used for optimizing the process of the pectinase produced. Four independent variables which are, temperature, pH, substrate concentration and time of Heating at 70 o C were used to optimize the significant correlation between the effects of the variables on pectinase production. A second-order polynomial was fitted to data and validated by ANOVA. The results revealed maximum pectinase production at pH 6.0, 50 o C Temperature, 0.02% substrate concentration and the enzyme lost all its activity within 7 min of heating at 70 o C. The study revealed that optimization of pectinase through RSM could improve the enzymatic characteristics and yield of the enzyme. The models used were highly significant with a correlation coefficient (R 2 ) of 0. Mots-clés: la pectinase, Aspergillus niger ; la méthodologie de surface de réponse ; plan composite centra
INTRODUCTION
Pectinases are industrially important enzymes (1) . They are a group of enzymes that catalyze the breakdown of pectin (2) . The two major sources of pectinase are from plants and microorganisms but microbial source of the enzyme is becoming increasingly important (3) .The role of pectinase in the clarification of green, yellow and red apple juice had been reported (4) . Rhizopus sp. isolated from deteriorated grapes produce pectinase (5) . A total of 44 fungal strains isolated from different agricultural and non agricultural soils in Chittoor district, Andhra Pradesh in South India revealed only four trains identified as Aspergillus niger, Aspergillus flavus, Aspergillus japonicas and Chaetomium globosum as pectinase producing microorganisms under submerged fermentation (6) . Pectinases have the ability to break down a variety of polysaccharides found within fruit juice extract to release soluble sugars which can clarify the juice producing a clearer, sweeter product (7) . The immense potential of pectinase from microbial source especially from Aspergillus niger, a fungi which has been given the Generally Regarded as Safe (GRAS) status for clarification of fruit juice has necessitated the optimization of the production process of pectinase to achieve maximum yields. Response surface Methodology had been identified and widely used as an efficient tool for the optimization of different physiochemical parameters with the advantage of determining the influence of variables on enzyme units and to optimize the variables in order to achieve maximum yields under the best possible economic conditions (8) . This investigation therefore reports the optimization of the production process of pectinase by A.niger by submerged fermentation.
MATERIALS AND METHODS

Isolation of Aspergillus niger
Aspergillus niger was obtained from a five-day-old Eba (Cassava flakes) and cultured on potato dextrose agar (PDA) for 4 days at room temperature. Pure cultures were obtained by subculturing and further subculturing on potato dextrose agar (PDA). A. niger was identified by morphological characterization and the results compared with the "Atlas (9) . Pure cultures were maintained on potato dextrose agar (PDA) slants and sub cultured periodically throughout the duration of this research work.
Enzyme Production
This was carried out by submerged fermentation (SMF) according to the method described (10). The fermentation medium was made up of 0.1% NH4NO3, 0.1% MgSO4.7H2O, 0.1% NH4H2PO4 and 1% pectin autoclaved at 121 o C for 20min. One disc of actively growing A. niger from a 96-h-old culture medium was inoculated each into seven different flask containing 50ml fermentation medium using a cork borer of 10mm diameter and separated from a single flask by filtration using muslin cloth and the filtrate was analyzed daily for pectinase activity.
Pectinase Assay
Pectinase assay was carried out according to the method of (11) . 0.5g of the pineapple pectin (substrate) will be weighed and dissolved in 100ml of sodium acetate buffer at a pH of 5.0. The protein content will be determined according to (12) .
Partial purification of Pectinase
This was carried out using activated charcoal according to the method (13) . Three percent (w/v) of activated charcoal was added to the crude pectinase (pH 4.5) and incubated at 30 o C for 30min with occasional stirring. The mixture was centrifuged at 2500rpm in a bench centrifuge for 10min. Pectinase activity and the protein content were determined according to the methods described earlier.
Pectinase Production Optimization
Optimization of the physical parameters for maximum pectinase production was carried out using the response Surface Methodology which is a powerful and efficient mathematical approach widely applied in the optimization of enzymes for industrial processes. Central Composite Factorial Design was used in the optimization of the conditions for pectinase production. A total of 30 experiments were used in the study. The independent variables studied were pH ( 1
x , mg/ml) and Time of heating ( 4 x , min). The response (dependent variable) was pectinase activity (Units/ml). Each independent variable was studied at three coded levels (-1, 0, +1). The minimum and maximum levels of each independent variable and the experimental design with respect to their coded and uncoded levels ( Table 1) . The minimum and maximum ranges of variables and full experimental plan with respect to their values in actual and coded forms ( Table 2) . The relationship between the coded values and actual values are as described (Eq.1) 
Where j i, are linear, quadratic coefficients, respectively, while β is regression coefficient, y is response variable (pectinase activity), k is the number of factors studied and optimized in the experiment, e is the random effect and 0 β is the intercept. The second order model used to fit the response to the independent variables is as described (Eq. 2). A second-order regression analysis of the data was carried out to get empirical model that defines response in terms of the independent variables. Analysis of variance (ANOVA) was performed in coded levels of variables to study the effects of the independent variables. The 2D graphs were generated to understand the effect of selected variables individually and in combination to determine their optimum level (Fig. 1a -f 
DISCUSSION
The results of this study revealed that the Response Surface Methodology (RSM) used to optimize the parameters (pH, temperature, substrate concentration and time of heating) and the Central Composite Design with a total of thirty experiments was successful for the production process of pectinase produced by A.niger. Ibrahim and Elkhidir (14) reported that Response Surface Methodology (RSM) is a collection of statistical techniques for designing experiments, building models, evaluating the effects of factors and searching for the optimum conditions. It has successfully been used in the optimisation of bioprocesses. They reported their data using RSM for maximization of enzyme production and minimization of the cost for cellulase, xylanase and phytase by different researchers. The Production optimization of a heat-tolerant alkaline pectinase from Bacillus subtilis ZGL14 with optimal temperature and pH of 50°C and 8.6 respectively was reported (15) . Handa et al. (16) reported a novel strain Rhizopus sp. C4 isolated from compost for the production of pectinase and Response surface methodology (RSM) was employed to optimize the various environmental parameters (temperature, moisture and incubation days) were studied statistically for a total of 20 runs using central composite design for pectinase production. They obtained the highest yield of the enzyme, i.e., 11.63 IU/mL from 1:3.5 moisture ratios in 7 days at 30°C.
Conclusion
The different parameters of temperature, pH, substrate concentration and time of heating ha d a great effect on the production of pectinase by A. niger. These relationships can be explained by the second-order polynomial. The two dimensional contour plots were used to set the optimum values of the variables and significant improvement in the production of pectinase by A. niger was observed.
